Introduction
============

The palmaris longus is a muscle visible as a small tendon between the flexor carpi radialis and the flexor carpi ulnaris, although it is not always present. Palmaris longus and little finger superficial flexor varies anatomically in human body, as one may be present or both are absent in the hand and wrist \[[@B1]\]. These variations may be assessed by several clinical tests and these tests are more superior to the other according to some studies \[[@B2][@B3][@B4][@B5][@B6][@B7][@B8]\]. A recent study showed that different tests may suggest different results when the presence of Palmaris Longus is assessed by them \[[@B9]\]. This may represent different results or different interpretations by the examiner. In the present study, we tried to answer the question that when a single examiner examines the presence of Palmaris by several tests, will she/he reach the same result and at different occasions? And, if different examiners perform a single test on a single individual, will the results be the same? We examined our proposal on the assessment of fifth superficial flexor function too. This study aims to assess the interobserver and intraobserver reliability of five of the most famous methods of examination of the presence of palmaris longus and also the examination of fifth superficial flexor function.

Materials and Methods
=====================

This study was performed by two observers (examiners) on 105 volunteers from June 2016 to March 2017. Inclusion criteria for the volunteers includes females and males above 18 years old, informed consent for participation, no history of surgery on the upper limb, no history of neuromuscular disorders. Two final year medical students (examiners) were trained face to face for different tests and then they practice the test several times on a number of out of study volunteers. Five tests were employed for palmaris longus assessment:

\- Schaeffer or standard test ([Fig. 1](#F1){ref-type="fig"})

\- Thompson test ([Fig. 2](#F2){ref-type="fig"})

\- Pushpakumar test ([Fig. 3](#F3){ref-type="fig"})

\- Mishra test ([Fig. 4](#F4){ref-type="fig"})

\- Abnormal Involuntary Movement Scale test ([Fig. 5](#F5){ref-type="fig"})

[Fig. 6](#F6){ref-type="fig"} shows all of tests in a hand with and another without Palmaris longus. For fifth flexor, we utilized only the standard test \[[@B11]\] to which the dependent situation was added \[[@B12]\]: the examiner holds the first four fingers of the volunteer in hyperextension and if the fifth finger proximal interphalangeal joint can be flexed to 90°, that means the person has a functional flexor. If she/he cannot perform the task, the fourth finger is released and if the two fingers can be flexed in this situation together then the fifth flexor is dependent and if it is not possible at all, it means that the fifth flexor is absent. Most studies on the topic have utilized this test solely \[[@B13][@B14]\].

Each examiner assessed the 20 volunteers on one occasion and with one test for palmaris and the above mentioned test for fifth flexor. The result was recorded by an out of study person. The volunteer would have palmaris longus present or absent and the fifth superficial flexor absent, present or dependent. At this point, the examiner would return to the first volunteer and examine palmaris presence by another test and again the result would be recorded in the same way. After the first volunteer has finished with the task of utilizing all five tests for palmaris longus, the second examiner would begin and repeat the same process. At the second occasion, one week later, 20 other volunteers were enrolled and this was repeated until the end. At the last occasion, 25 volunteers were examined. One month later, the entire process was repeated. At the end, the results were analyzed with Pentium 4 computer and SPSS version 20 software (IBM Corp., Armonk, NY, USA) by reliability analysis tests and kappa measurement. Kappa was interpreted by previously established criteria \[[@B15]\]: equal or less than zero would mean poor reliability; 0.01 to 0.2, slight; 0.21 to 0.4, fair; 0.41 to 0.6 moderate; 0.61 to 0.8, substantial, and 0.81 to 1 was interpreted as almost perfect.

Results
=======

At the end of the study, 105 volunteers were examined twice and 12 examinations were performed on each individual. So, there were 2,520 results. No loss to follow up occurred and all the volunteers in the first stage were examined again one month after the first examination.

Kappa was calculated for each stage and for each observer of palmaris longus and the mean value for intraobserver reliability is shown in [Table 1](#T1){ref-type="table"}. Kappa for interobserver reliability of palmaris longus presence is shown in [Table 2](#T2){ref-type="table"}. The agreement of different tests for palmaris longus presence is shown in [Table 3](#T3){ref-type="table"}.

[Table 4](#T4){ref-type="table"} shows the results of intraobserver reliability measurement for fifth superficial flexor function assessment by the test we had utilized. Kappa for interobserver reliability was calculated as 0.415.

Discussion
==========

We assessed the interobserver and intraobserver reliability of different tests commonly utilized for examination of Palmaris longus and fifth superficial flexor and found a relatively high reliability for all of palmaris tests except for Thompson test and medium reliability for flexor.

Palmaris longus is the first choice for tendon and ligament reconstructions \[[@B16]\]. For this reason, it has been the subject of many investigations and an important issue has been its variations in different populations \[[@B17][@B18][@B19][@B20][@B21][@B22][@B23][@B24][@B25][@B26][@B27][@B28]\]. The first prerequisite for performing such studies would be the utilization of a test that is "suitable" for assessment of the tendon presence. But, what test is a "suitable" one? Undoubtfully, a test that is simple (easy to understand and perform for both the examiner and the subject, not time consuming, not disturbing for the subject, no need for help from an instrument), easy to interpret, and after this, perhaps the most important characteristic would be high interobserver and intraobserver reliability and in other words repeatability of the results. In this study we reached the conclusion that tests for palmaris longus presence are in the "good" class, considering kappa, except for Thompson which was "moderate."

Schaeffer was the first to introduce a "test" for the assessment of palmaris longus presence, more than 100 years ago (1909), a method that is considered "standard" nowadays \[[@B2]\]. After this new tests were designed and introduced repeatedly, Mishra proposed to a test that is possible to perform in patients with median nerve palsy and unable to oppose their thumb \[[@B19]\]. The number of these new tests was so increased that the need for them was questioned \[[@B20]\], but the new tests introduction continued \[[@B21][@B22][@B23]\]. In the present study, we utilized only five tests among the many proposed, as they were most frequently used in other studies and also for the sake of patience of the examiners and the volunteers.

The most important difficulty encountered in the examination of palmaris longus presence is the misinterpretation of flexor carpi radialis as palmaris longus. Interesting to note that in Thompson test this is likely, as the muscle becomes contracted \[[@B24]\] and perhaps this rationalizes the findings of this present study about lower kappa value of this test.

It has been mentioned that the most accurate test for palmaris longus assessment is the standard or Schaeffer test \[[@B25]\] and the test has been utilized in most studies, in order to have a positive result to be considered by the person having the tendon. In the present study, Schaeffer and Mishra\'s test showed the best interobserver and intraobserver reliability and Schaeffer had the best agreement with other tests.

In practice, it will be difficult to determine the sensitivity and specificity of the palmaris longus tests, as this necessitates a surgery to examine the result. A study performed to determine the accuracy of sonography for the detection of plantaris tendon showed an interesting design. Patients who were candidates for surgery on their calves for any reason would undergo sonography and the result compared with intraoperative findings \[[@B26]\]. A similar study may be designed for palmaris longus and tests for its detection. But the present study and at least one other studies \[[@B22]\] suggested that not all tests have similar accuracies and this makes an exact study more difficult. Anyway, this may be a good topic for further research.

The present study reached a medium reliability for fifth superficial flexor, which was unexpected. In fact, the examination method was so easy in our mind especially in comparison to other designed methods \[[@B27][@B28][@B29]\] that it seemed unnecessary to be assessed for reliability. But the results showed clearly that we were in mistake. We cannot rationalize this findings, except for the possibility that the emphasis on "at least 90 degrees of flexion" may have caused a doubt in the examiner for "functional status" determination. Anyway, this may reflect the need for assessment of other tests, both on themselves and in contrast to the standard method.

The most important limitation of the present study is the limited number of utilized tests. As previously stated for the sake of examiners and volunteers, we enrolled five tests for palmaris and one for fifth flexor, the tests that had been used in most of the previous studies, but there are a large number of tests that were ignored. On the other hand, we are not sure whether this "small" number of tests has caused fatigue in our study population.

Based on the findings of the present study, all of the examined tests for palmaris longus presence assessment have good interobserver and intraobserver reliability, except for Thompson test that showed moderate reliability. Schaeffer test showed the best agreement with other tests. We reached a moderate reliability for fifth superficial flexor.

![Schaeffer test. Adapted from Vercruyssen et al. J Funct Morphol Kinesiol 2016;1:167-82, according to the Creative Commons license MDPI \[[@B10]\].](acb-51-79-g001){#F1}

![Thompson test. Adapted from Vercruyssen et al. J Funct Morphol Kinesiol 2016;1:167-82, according to the Creative Commons license MDPI \[[@B10]\].](acb-51-79-g002){#F2}

![Pushpakumar test. Adapted from Vercruyssen et al. J Funct Morphol Kinesiol 2016;1:167-82, according to the Creative Commons license MDPI \[[@B10]\].](acb-51-79-g003){#F3}

![Mishra test. Adapted from Vercruyssen et al. J Funct Morphol Kinesiol 2016;1:167-82, according to the Creative Commons license MDPI \[[@B10]\].](acb-51-79-g004){#F4}

![Abnormal Involuntary Movement Scale test.](acb-51-79-g005){#F5}

![The tests shown in [Figs. 1](#F1){ref-type="fig"} through [5](#F5){ref-type="fig"}, now showing positive versus negative results of the tests.](acb-51-79-g006){#F6}

###### Kappa for intraobserver reliability of palmaris longus presence assessment tests

![](acb-51-79-i001)

               Schaeffer   Thompson   Pushpakumar   Mishra   AIIMS
  ------------ ----------- ---------- ------------- -------- -------
  Observer 1   0.641       0.496      0.611         0.608    0.698
  Observer 2   0.760       0.541      0.800         0.827    0.528
  Mean         0.700       0.518      0.705         0.717    0.613

AIIMS, Abnormal Involuntary Movement Scale.

###### Kappa for interobserver reliability of palmaris longus presence assessment tests

![](acb-51-79-i002)

          AIIMS   Mishra   Pushpakumar   Thompson   Schaeffer
  ------- ------- -------- ------------- ---------- -----------
  Kappa   0.716   0.827    0.800         0.541      0.813

AIIMS, Abnormal Involuntary Movement Scale.

###### Kappa for agreement of different tests of palmaris longus presence assessment

![](acb-51-79-i003)

                AIIMS   Mishra   Pushpakumar   Thompson   Schaeffer
  ------------- ------- -------- ------------- ---------- -----------
  AIMS          \-      0.659    0.702         0.521      0.853
  Mishra        0.659   \-       0.672         0.453      0.735
  Pushpakumar   0.702   0.672    \-            0.494      0.754
  Thompson      0.521   0.453    0.494         \-         0.572
  Schaeffer     0.853   0.735    0.754         0.572      \-

AIIMS, Abnormal Involuntary Movement Scale.

###### Kappa for intraobserver reliability of fifth superficial flexor function assessment tests

![](acb-51-79-i004)

               Kappa
  ------------ -------
  Observer 1   0.419
  Observer 2   0.582
  Mean         0.5
